Several of the major structural polypeptides of herpes simplex virus were obtained in purified form by polyacrylamide gel electrophoresis of purified virus particle polypeptides. Antisera made by footpad inoculation of these polypeptides into rabbits were used to study the antigenic properties of two envelope glycoproteins and of the major capsid protein.
INTRODUCTION
Studies of the antigens produced by members of the herpesvirus group are as yet rudimentary; they have been hindered by the lack of easily purified virus components such as are available from cells infected with adenovirus (Valentine & Pereira, 1965) or disrupted influenza virus particles (Laver & Valentine, 1969) . Studies in this laboratory (Watson, 1969; Watson & Wildy, 1969) and more recently in another (Cohen, Ponce de Leon & Nichols, 1972 ) have allowed the preparation of antisera against one of the virus structural antigens, band II. A simple and reproducible method for the purification of herpesvirus particles in reasonably large quantities would facilitate the preparation of antisera to virus structural components.
In the last year Powell et al. (1974) and Courtney & Benyesh-Melnick (1974) have shown that useful serological reagents for herpes simplex virus proteins can be produced using material prepared by polyacrylamide gel electrophoresis in gels containing SDS. Purified virus particles are obviously the best source of virus structural proteins. Here we report a purification method which enables reasonably large quantities of virus particles to be prepared. The use of these to prepare antisera against some of the major virus particle polypeptides is described.
METHODS
Cells. BHK 21 cells were grown in Eagle's medium containing tryptose phosphate broth and calf serum (Watson et al. 1966) . These cells were used for antigen production and virus assay. HEp-2 cells, used to produce virus for purification, and Vero cells, used in some of the immunofluorescence studies, were grown in a similar manner.
Viruses. The HFEM strain of herpes simplex virus type I, and the 3345 strain of herpes simplex virus type 2 were grown in BHK 21 or HEp-2 cells as previously described (Watson et al. I966, I967) .
Purification of virus. Preliminary experiments indicated the cell line and conditions to be I68 K.L. POWELL AND D. H. WATSON used for virus growth. Monolayers of HEp-2 cells were infected at high input multiplicity (50 to lOO p.Lu./cell) with strain HFEM. After allowing 2 h for adsorption at 32 °C, the cells were washed once with warm medium and incubated with replenished medium at 32 °C for 2 days. At the end of the growth period the medium was collected and used for virus purification. Virus was concentrated from the medium using polyethylene glycol (tool. wt. approx. 6000, British Drug Houses Ltd, Poole, England) at a final concentration of 8 (w/v), in the presence of 0"5 M-NaC1. These concentrations were shown by preliminary experiments to precipitate the virus infectivity and particles efficiently from the medium. The concentrated virus pellet was resuspended in a small volume of 0.02 M-phosphate buffer, pH 7"4, by ultrasonic vibration, and layered on a preformed 5 to 45 ~ 26 ml sucrose gradient. The virus was sedimented at I25OO rev/min for 1 h in the SW27 rotor of a Christ Omega II ultracentrifuge. At this stage virus could be seen as an opalescent band in the centre of the gradient. This step effectively separated virus particles from contaminating protein and a second sucrose gradient cycle rendered the virus adequately pure for our purposes.
Production of labelled virus.
To produce radioactively-labelled virus, cells were washed after the adsorption period with amino acid-free Eagle's medium containing the usual amounts of glutamine, arginine, histidine, methionine, threonine, tryptophan and inositol, ~/3o the normal concentration of the other amino acids, and 5 ~ calf serum. Centre. This labelling period was followed by a 6 h incubation in normal medium, when practically all incorporated radioactivity was TCA-precipitable. The cells were then infected and after adsorption were labelled as for the production of labelled virus. After 48 h the virus was collected and purified in the usual manner.
Electrophoresis techniques. For analytical electrophoresis the method of Davis (1964) was used, as modified by Dimmock & Watson (1969) for the inclusion of SDS. Slab gel electrophoresis was done in a similar manner, using identical buffers and gel compositions. However, because of technical difficulties with the slab gel method, dithiothreitol was not included in these gels, nor were they pre-run to remove catalyst.
Serological methods.
General antisera (to all virus-specified proteins) and antisera to band II antigen were prepared as described previously (Watson et al. 1966; Watson & Wildy, I969) . Antisera to individual virus structural proteins were prepared by disrupting virus particles using SDS, urea, and dithiothreitol, and electrophoresis of the structural virus polypeptides on 7 ~ polyacrylamide gels containing these reagents. After electrophoresis, a longitudinal strip was removed from each gel and the remainder was frozen. The strips Structural antigens of herpes simplex type ~ I69 of gel were stained and the polypeptides located in the gel; the strip was then replaced on the rest of the gel and the segments of the gel containing polypeptides of interest removed. Segments of several gels were pooled and homogenized in Freund's incomplete adjuvant prior to injection. Rabbits were given injections of this material at 2-week intervals and were bled 2 weeks after the second injection. Complement fixation tests and neutralization tests were done using the methods described by Sim & Watson 0973 ) and fluorescent antibody tests by the method of Ross, Watson & Wildy (1968) . Gel diffusion tests were done in 3 mm thick layers of agar (Ionagar No. 2) in phosphate buffered saline (Dulbecco & Vogt, I954) . The wells were arranged hexagonally and were 8 mm in diam., each well being separated from its neighbour by 3 mm of gel. Immune agglutination tests were performed as described by Other methods. The 'loop-drop' method of Watson, Russell & Wildy 0963) was used for particle counting. Infectivity was assayed by the method of Russell 0962) and protein concentration by the method of Lowry et aL (195 0 . Immunofluorescent staining was done by a direct method as described by Ross et al. (I968) .
RESULTS

Purification
The purification of virus from medium surrounding infected cells is shown in Table I . This shows the particle, infectivity and purity data from a typical experiment. The behaviour of this material on a second sucrose gradient is shown in Fig. I . All protein and radioactivity in the preparation was associated with the peak of virus particles and infectivity (this was also true when particles were centrifuged on caesium chloride gradients). The protein-toparticle ratio of the purified virus was near that expected for a particle of the size and composition of the enveloped virus particle. We were unable to demonstrate the presence of any diffusible herpes virus-specific or host cell-specific antigens in the final virus preparations by either gel immunodiffusion tests or by non-SDS polyacrylamide gel electrophoresis. More direct evidence for virus purity comes from the experiment in which virus was grown in cells labelled before virus infection. In this experiment only a very small amount of 'prelabel' was found in the purified virus preparation and, as can be seen from Fig. 2 , most of this label was associated with virus peaks, probably as a result of 'turnover' of pre-label into virus particle polypeptides. Finally we have compared the polypeptides revealed by staining a polyacrylamide gel after electrophoresis of purified labelled virus with those shown in a parallel gel by slicing and counting. No additional peaks were detected by staining, as would be expected for virus relatively uncontaminated with host cell material.
Acrylamide gel profiles of purified virus
The acrylamide gel profiles, as we have previously reported (Powell et al. I974) , showed I3 clearly visible peaks. It should be noted that these gels contain the reducing agent dithiothreitol. The polypeptides are more clearly resolved by electrophoresis in slabs of polyacrylamide gel followed by autoradiography of [14C]-labelled polypeptides (Fig. 3) . In addition to the I3 species already detected, we resolved 2 minor peaks running slightly ahead of peak o, z peaks at the position of peak 4, and noted that peak 5 splits into 2 widely spaced peaks. However, we believe that this last feature may represent an artefact since these two peaks can also be seen on stained cylindrical gels from which dithiothreitol is omitted. Major difficulties in nomenclature are represented by the regions marked 2/3 and 8/9, which are not clearly resolved in either stained cylindrical gels or autoradiography of gel slabs. As shown in Fig. 4 these regions of the gels contain virus polypeptides labelled with [SH]-glucosamine. They probably represent glycoproteins and may be heterogeneous in molecular size. For this reason, until we know more about the polypeptide moieties of these glycoproteins, we prefer not to subdivide these regions further. Fig. 4 also shows that there are three glycoprotein regions in the virus particle polypeptide profile. The major polypeptides of the naked herpes virus particle are compared with those of enveloped particles in Fig. 5 . Clearly, polypeptides r and I3 of the enveloped virus particle are the major components. Polypeptide 1I of the naked virus particle, and polypeptide I2 of the enveloped virus particle do not co-electrophorese, and, as previously suggested by Gibson & Roizman 0972), we believe that polypeptide II may be a precursor of polypeptide I2. 
Preparation of antisera to virus structural components
On the basis of the polypeptide profiles discussed above, we chose to study 4 polypeptides by making antisera against SDS-disrupted components; these were polypeptide VPo, the component of very high mol. wt., the major capsid protein VPI, and the z major glycoprotein regions VP2/3 and VP8/9. Sera obtained by footpad inoculation of rabbits were used in 5 tests: gel diffusion, complement fixation, immune agglutination, neutralization, and fluorescent antibody tests. The results with VP2/3 have been published in detail elsewhere (Powell et al. I974) . Antiserum to VPo failed to react in any of the tests while the other sera reacted in all tests.
In gel immunodiffusion tests, antiserum to VPz/3 gave a single precipitin line and antiserum to VPI a single precipitin line close to the antigen well; antiserum to VP8/9 gave z precipitin lines, one weak and the other strong. None of the sera tested reacted with host cell antigens or with components of the tissue culture medium. In all cases the gel diffusion lines obtained with these sera were weak. This may reflect the relatively small amount of immunogen used to inject the animals or more likely, the low solubility of the antigens used. Since the lines are difficult to reproduce photographically, we do not show these results.
The results of complement fixation tests using the antipolypeptide and control sera are shown in Table z . Both antiglycoprotein sera reacted to a high level with homologous antigen homogenate (I/64o to I/I28O); they did not react with a supernatant fluid obtained from the same antigen preparation by centrifuging at Iooooog as previously described Watson, 1969) or with antigen made from cells infected with heterologous virus. Antiserum to the capsid antigen reacted only with antigen homogenates; however it did show some cross reactivity with herpes simplex virus type 2-infected cell antigen. The control sera anti-band II, general antiserum to herpes simplex virus type I, and general antiserum to herpes simplex virus type 2 cross reacted, as would be expected (Sim & Watson, 1973) , thus demonstrating that the antigen preparations were satisfactory. In fluorescent antibody tests the sera showed interesting reactions, especially in the localized patterns of fluorescence observed (Fig. 6 ). Antiserum to VP2/3, VPS/9 and VPI stained herpes simplex virus-infected BHK, HEp-2 and Vero cells, but not uninfected cells. Pre-immune sera gave only weak fluorescence. Both antisera against herpes simplex virus particle glycoproteins reacted similarly; they gave bright Cytoplasmic fluorescence with herpes simplex virus-infected cells, especially around the nuclear membrane, and they did not react with the nucleus. With herpes simplex virus type z-infected cells they gave weak fluorescence indistinguishable from pre-immune sera, but this is difficult to interpret since in our hands pre-immune sera always give weak fluorescence with herpes simplex virusinfected ceils. Antiserum to VPI gave very intense nuclear staining and weak cytoplasmic staining was observed late in infection. The difference in the two patterns between glycoprotein and capsid sera is very striking. One interesting manifestation of the glycoprotein serum staining was the 'cobweb' appearance of the stained cytoplasm, as though the antigen may be related to some structural material. Neutralization tests with these sera showed only one positive anti-VP2/3; this result was remarkable in that activity was only detected against herpes simplex virus type I. This finding has already been examined in detail (Powell et al. I974) .
Immune agglutination tests were carried out to determine the location of the antigenic site on the virus particle. Antiserum to each glycoprotein region did not agglutinate either enveloped or naked virus particles (Table 3) ; however, antiserum to the major capsid protein did show small but positive reactivity to the naked virus. All the control sera reacted as one would expect, agglutinating both enveloped and naked virus particles.
DISCUSSION
As stated in the Introduction, there is a need for a simple and rapid method of herpesvirus particle purification. We believe that the procedure we have outlined provides such a method.
Spear & Roizman 0972) argued against the use of extracellular virus for the purification of herpes simplex virus, since they found that virus release was inefficient and only occurred on cell disintegration. Our results would appear to contradict this, since electron microscopy of virus preparations concentrated from medium shows more than 9o ~ enveloped virus, whereas if disintegration had occurred, one would expect to find naked virus particles. It is our belief that the choice of virus strain and conditions of growth are very important in this context.
Although there is a considerable loss of virus particles during the purification procedure, we believe this to be random since the particle-to-infectivity ratio of the virus preparation remains reasonably constant throughout the purification procedure. This would indicate that our purification procedure is not deleterious to the infectivity of the virus particles. Our criteria indicate that virus of reasonable purity is obtained. Attempts to purify the virus particles further did not significantly alter the protein-to-particle ratio nor the acrylamide gel profile of purified virus particles. Enveloped virus does, however, survive centrifuging in caesium chloride and potassium tartrate gradients with little loss of infectivity, and these may be used as alternative methods to purify virus particles. Protein-to-particle ratios allow the comparison of preparations of virus particles from various laboratories. Heine et. al. (i974) calculated that the protein mass of the virion ranged from I6 to 19/zg protein/lo 10 particles. Our preparations give very similar values (see TabIe 0; hence both laboratories are working with material of comparable purity. As one would expect, the acrylamide gel profiles of our purified virus are in reasonably good agreement with those of Spear & Roizman. Table 4 gives a list of the polypeptides observed by both groups and their likely correspondence. The differences may be summarized thus: in their preparations, Spear & Roizman 0972) find a polypeptides (4 and 6) which we do not observe. Since these are polypeptides found in large amounts in infected cells (Honess & Roizman, 1973) , they may be minor contaminants of virus particle preparations. Secondly, we detect differences in the virus particle glycoproteins which are probably due to strain-specific differences in the mobility of these components (K. L. Powell, personal communication) . The similarities are, however, more striking than the differences. that this is also true for our polypeptide Io: the component found in capsids corresponds to the fast running side of peak Io. We have not been able to show any incorporation from radioactively labelled glucosamine into this material. This may be significant in relation to the band II antigen (Watson &Wildy, 1969) which is responsible for type-common neutralization (Sim &Watson, I973) . Honess &Watson (1974) showed that this antigen prepared by immune precipitation co-migrated with peak to, and was glycosylated. In addition, Honess et aL 0974) showed that antiserum to this antigen agglutinated both naked and enveloped virus. If band 1I antiserum reacts with both these components, i.e. polypeptide Io from both naked and enveloped virus, then that could explain its reactivity. We were successful in preparing antisera to 3 of the virus particle polypeptide regions, using material purified by SDS-polyacrylamide gel electrophoresis. Antiserum to both the major envelope glycoprotein regions VP2/3 and VPS/9 reacted type-specifically in gel diffusion and complement fixation tests, and antiserum to VP2/3 neutralized virus typespecifically. This may indicate that the type-specific antigenic determinants of herpesvirus, like the sub-type-specific antigenic determinants of influenza virus, are carried by the virus particle glycoproteins. Herpesvirus glycoproteins are inserted into the plasma membrane (Heine, Spear & Roizman, ~972) and presumably into the nuclear membrane where the virus obtains its envelope. In agreement with this interpretation, both these sera stain the nuclear membrane and the cytoplasm in the fluorescent antibody tests.
Both antisera to glycoprotein regions reacted largely with the homogenate from infected cells and not with soluble material, suggesting that the antigens involved are antigenically active when inserted into the cell membranes. The antigenic determinant involved with antiserum to VP2/3 is clearly not modified by treatment with SDS since (a) the serum neutralizes virus, and (b) the serum reacts in complement fixation tests with purified virus particles.
Antiserum to the major capsid protein reacted in gel diffusion tests as if the antigen were in a large aggregate form, and reacted in complement fixation tests only with cell homogenates and not with soluble fractions. In fluorescent antibody tests the nucleus was the major area stained. These observations suggest the presence in the nucleus of an aggregated form of capsid protein, possibly not virus particles per se. Earlier results (Watson, Wildy & Russell, I964) suggested that there may be an accumulation of capsomeres around the assembly site of naked virus particles; it may be that antiserum to VPI stains such aggregates. Immune agglutionation tests showed that the capsid protein antigenic determinant was located on the particle surface since these particles could be agglutinated by the antiserum to VPt.
These results indicate that a useful method for the preparation of herpes simplex virus particles and antigens has been evolved. This has already allowed the preparation of typespecific antigenic reagents (Powell et al. t974) as well as studies of the virus particle surface antigens (Honess et al. t974) . It should prove useful for many other studies.
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